However, our latest study on growth restricted and hypoxic human fetuses has shown that perinatal brain lesions can develop even before the loss of cerebrovascular variability. The fetal exposure to hypoxia can be quantified by using a new vascular score, the hypoxia index. This parameter, which takes into account the degree as well as duration of fetal hypoxia, can be calculated by summing the daily % C / U ratio reduction from the cut-off value 1 over the period of observation. According to our results, the use of this parameter, which calculates the cumulative, relative oxygen deficit, could allow for the first time the sensitive and reliable prediction and even prevention of adverse neurological outcome in pregnancies complicated by fetal hypoxia.
Introduction
The efficient delivery of oxygen via the placenta is essential for normal fetal growth and development. Placental insufficiency, with consequent reduction in fetal nutritive and oxygen supply is one of the most important causes of intrauterine growth restriction (IUGR) and fetal hypoxia. There is evidence that prenatal adaptation to a reduced nutritive supply does not only result in IUGR but may also lead to long-term metabolic consequences, such as increased susceptibility to some of the current most common diseases, hypertension or diabetes mellitus. Furthermore, fetal hypoxia is one of the main causes of perinatal mortality and morbidity (1) . Episodes of acute and chronic fetal hypoxia can result in brain lesions, which may leave long-term neurological sequels such as auditory and visual impairment, mental retardation and seizure disorders, or the most severe sequel, cerebral palsy (2) . Moreover, minimal brain alterations, such as a reduction in learning capabilities, dyslexia, and attentiondeficit/hyperactivity disorder (ADHD) could originate from the prenatal and/or perinatal exposure to hypoxia (3, 4) . For these reasons some of the major goals of modern obstetric screening procedures are the identification of growth-restricted fetuses among the small for gestational age (SGA) fetuses, early detection of fetal hypoxia in high-risk pregnancies, intensive surveillance of hypoxic fetuses, and timely termination of high-risk pregnancies in order to prevent the development of hypoxic brain injury, but also to minimize the risks of prematurity.
Nowadays, the management of IUGR includes the combination of serial morphological ultrasound examinations to assess fetal growth and amniotic fluid quantity, combined with functional testing such as biophysical profile, fetal heart rate testing, and Doppler examinations of fetal hemodynamics. Unfortunately, even if hypoxia is detected, none of the presently available tests can define what amount of hypoxia the fetus can endure without developing hypoxic brain lesions and for what duration (5) . Only the answer to these questions would enable the definition of the optimal timing of delivery in the case of chronic fetal hypoxia and prevention of perinatal brain damage; although in this situation the delay of the delivery might cause the prolongation of fetal exposure to hypoxia, which could affect brain development and cause the brain damage, early delivery carries the risk of prematurity and associated risk of neurological disorders. A recent multicenter study has shown that infants at risk of hypoxia are being delivered at the correct time to minimize mortality, but could be being delivered too early to minimize brain damage associated with prematurity; this resulted in an increased number of neurologically disabled children after the two-year followup period (5) . These results indicate that the border between the physiological adaptation and pathophysiological processes is extremely fragile and needs to be determined precisely in order to prevent neurological damage.
During the past decade, our investigations have been focused on the fetal cardiovascular responses to hypoxia. These responses, which include redistribution of the cardiac output towards the vital organs, are considered the most important adaptive reactions responsible for maintaining fetal homeostasis (6, 7). The redistribution of blood flow towards the fetal brain is known as the "brain sparing effect" (6) (7) (8) . Although the brain sparing effect attempts to compensate for the reduced oxygen delivery to the fetal brain, our studies on animal and human fetuses have shown that this phenomenon cannot prevent the development of brain lesions (9-11). In order to obtain a more precise assessment of fetal exposure to hypoxia, Arbeille et al. have introduced a new vascular parameter, the hypoxia index (HI), which takes into account the degree and duration of cerebral blood flow redistribution and calculates the cumulative, relative oxygen deficit during the chronic hypoxia (12). The hypoxia index was found to be a good predictor of fetal distress at the delivery in pregnancies complicated by malaria or maternal hypertension and chronic fetal hypoxia (12) (13) (14) . Finally, our latest study has shown that this parameter has great value in the prediction of morphological, ultrasonically detected brain lesions in chronically hypoxic fetuses (15) . The overview of fetal cardiovascular responses to acute and chronic hypoxia with the emphasis on fetal cerebral circulation will be described in this review. Furthermore, we will discuss the possibilities of prevention of perinatal brain lesions in chronically hypoxic fetuses by using the new vascular score, the hypoxia index.
Doppler assessment of fetal hemodynamic responses to hypoxia
Placental insufficiency, which is the main cause of IUGR and fetal hypoxia is characterized by serious abnormalities of the placental vascular system and a consequential increase in the placental vascular resistance, which can be easily detected and quantified by Doppler indices, such as the umbilical artery resistance index (UA RI) (16). Arabin and co-workers found that only 7% of placentas with absent end-diastolic umbilical flow were normal (17) . In 74% of placentas, they noted evidence of chronic placental insufficiency, manifested by small placental villi, fibrosis and microfibrinous deposits. The remaining 19% showed a reduced perfusion capacity. This increase of impedance to flow in the umbilical artery is associated with hypoxia and a poor perinatal outcome (17) . Other studies have confirmed that Doppler examination of umbilico-placental vessels can identify fetuses that need intensive surveillance among small for gestational age (SGA) fetuses, and the clinical usefulness of umbilical artery velocimetry in high-risk pregnancies has been clearly demonstrated (18) . However, umbilical artery Doppler velocimetry could not identify the fetuses that developed distress at delivery or were delivered by cesarean section (18) . This should not come as a surprise because umbilical artery velocimetry can reveal local placental modifications, probably responsible for IUGR and fetal hypoxia, but it does not provide a direct insight into the fetal response to hypoxia and fetal wellbeing.
Fetal hypoxia activates a range of biophysical, cardiovascular, endocrine, and metabolic responses. Fetal cardiovascular responses to hypoxia include modifications of heart rate, increase in arterial blood pressure, and redistribution of cardiac output towards the brain, heart, and adrenals (7). Decreased pO 2 dilates the cerebral and myocardial vessels in order to maintain the constant delivery of oxygen and metabolic substrates (1) . The reduction of cerebrovascular resistance can be determined by using the standard Doppler indices measured on the main cerebral arteries and one of the widely used indices is the middle cerebral artery resistance index (MCA RI). The blood flow redistribution between the brain and the placenta can be detected and quantified by use of the cerebral/umbilical (C/U) ratio (6) (7) (8) 19 ). This ratio takes into account the placental insufficiency responsible for IUGR and hypoxia, and the cerebral response to hypoxia. Values of the C/U ratio lower than 1 correspond to a redistribution of the fetal blood flow towards the brain, in response to a reduction in fetal pO 2 (6) (7) (8) 19) . Although both cerebral and umbilical vascular resistances decrease as pregnancy progresses, the vascular resistance in cerebral arteries always remains higher then in umbilical arteries and the C/U ratio remains greater than 1 (8). A decrease in the C/U ratio below the cut-off limit of 1-1.1 indicates that blood flow redistribution in favor of the brain has occurred (7, 8). Moreover, the C/U ratio is not heart rate-dependent as are the resistance indices because it is calculated from indices measured on the same fetus at the same heart rate.
The experiments on animal models have shown that the C/U ratio can precisely detect fetal blood flow redistribution (7, 20) . During acute hypoxia, induced on fetal lambs by umbilical cord compression or maternal aortal compression, good correlation was found between the absolute values of the C/U ratio and corresponding values of fetal pO 2 . Furthermore, the correlation between absolute values of the C/U ratio and corresponding values of fetal pO 2 was significantly higher then the correlation between the absolute values of the cerebral resistance index and fetal pO 2 (7).
Many studies (19, (21) (22) (23) (24) have confirmed that this parameter has a high sensitivity and specificity in detection of fetal blood flow redistribution and prediction of fetal hypoxia in growth-restricted human fetuses. It has been shown that the sensitivity of the C/U ratio in the prediction of perinatal outcome exceeds the sensitivity of cerebral resistance or UA RI alone, even in pregnancies complicated by only moderate hypoxia (21, 22) . However, despite the ability to detect blood flow redistribution and predict fetal distress at delivery, a decreased in the C/U ratio (or increase in the umbilical-cerebral ratio, the U/C ratio) seems unreliable in predicting the consequences of the exposure to hypoxia on the fetal brain. Scherjon et al. (24) calculated the ratio between umbilical and cerebral pulsatility indices (the U/C ratio, which is pathological when greater than 1) on 117 high-risk fetuses. The antenatally raised value of the U/C ratio was associated with adverse obstetric outcome, but no association was found between this parameter and the occurrence of perinatal brain tissue lesions. This should not surprise, as a single Doppler measurement is not sufficient for identifying the real hemodynamic stage induced by hypoxia. Although the C/U ratio (or the U/C ratio) accurately indicates that hypoxia has occurred, the one single measurement can provide no information about the duration of the hypoxic episode or about the amount of fetal pO 2 reduction during the hypoxic episode. Several research groups have examined the temporal sequence of fetal hemodynamic changes in IUGR and hypoxia, aiming to determine the indicators of fetal deterioration (25) (26) (27) (28) (29) . Expectedly, the decrease in C/U ratio and decrease in middle cerebral artery resistance (MCA) were the earliest notable changes in fetal hemodynamics (27) . During blood flow redistribution and the existence of the brain sparing effect, precordial venous flows were initially normal, whereas the internal jugular and cerebral transverse sinus blood flow were enhanced suggesting an increased cerebral venous return (28, 29) . Later on the progressive elevation in fetal venous resistance indices, such as ductus venosus resistance index, occurred, followed by spontaneous late heart rate decelerations and an occurrence of pulsatile umbilical flow, indicating the deterioration of fetal cardiovascular function and a decreased cardiac output (30, 31) . The deterioration of cardiac function and the decline of cardiac output were attributed to the hypoxemic/ischemic myocardial dysfunction. The MCA resistance remained constantly decreased as the venous flows deteriorated, although the terminal increase of MCA resistance, prior to delivery or fetal death was noted in some fetuses (27, 28, 31) . Therefore, it has been suggested that venous Doppler changes can facilitate the detection of fetal compromise (27, 28, 31) . However, one should bear in mind that the alterations in venous circulation reveal myocardial dysfunction, while offering no information about the effects of hypoxia on fetal brain structure and functions. Furthermore, this sequential deterioration can rarely be observed beyond 32-34 weeks of gestation. After this period, the fetal growth asymmetry and the brain sparing effect can be the only evidence of placental insufficiency and fetal hypoxia (32) (33) (34) , which implies that the hemodynamic indicators of fetal distress should be searched for in the fetal cerebral circulation.
Fetal hypoxia and cerebrovascular autoregulation
The middle cerebral artery and other cerebral arteries are capable of undergoing autoregulation to preserve cerebral metabolism and function in the presence of hypoxia. This autoregulation permits vasoconstriction or vasodilatation to maintain constant perfusion of the cerebral tissues and is controlled by metabolic, neural, and chemical mediators. Experiments on fetal lambs have shown that even acute, short-term hypoxia can affect cerebral autoregulation. Oxygen saturation at 50% lasting longer than 10 minutes has been shown in a global abolition of cerebrovascular autoregulation for several hours (35, 36) . Furthermore, impaired oxygen transfer across the placenta (e. g. in placental abruption) is one of the common causes of the loss of cerebral autoregulation in neonates, and autoregulation seems to be more vulnerable than other regulatory mechanisms for the cerebral circulation (37) .
The loss of cerebrovascular autoregulation is known to contribute to the development of intraventricular hemorrhage and periventricular leukomalacia in neonates (38, 39) . In chronically hypoxic human and animal fetuses, the impairment of cerebrovascular autoregulation has been demonstrated by the oxygen inhalation test (40) (41) (42) . In fetuses with the brain sparing effect that did not develop fetal distress, maternal inhalation of oxygen caused an increase in the cerebral vascular resistance. However, fetuses that later developed fetal distress, did not respond to the oxygen test. The absence of vascular responses to oxygen indicated either impaired placental transfer or the loss of cerebrovascular reactivity. Another investigation has shown that the middle cerebral artery pulsatility index decreases week by week in hypoxic human fetuses without fetal distress, but remains relatively stable (although decreased) during the same period in acidemic fetuses (43) .
An abnormal cerebrovascular response to the CO 2 inhalation test was found in chronically hypoxic fetal lambs, where hypoxia was induced by daily administration of nicotine equivalent to 20 cigarettes to pregnant ewes (44) . During the nicotine treatment and prior to the inhalation test, a decrease in cerebral and umbilical vascular resistances, which can be observed in normal pregnancies, was absent. The reduced capability of brain vessels to adapt by vasodilatation could be attributed to the vasoconstrictive effect of nicotine but could also be due to its deleterious effect on the growth and maturation of brain structures (44) .
In another study, fetal hypoxia was induced by daily administration of 1-or 2-mg/kg cocaine to pregnant ewes, from midgestation onwards (9). The mean birth weight was significantly lower in the cocaine-treated fetuses than in the control group and values of fetal pO 2 confirmed moderate but significant hypoxia in these animals. During the cocaine treatment, blood flow redistribution was detected in treated fetuses and the decrease in the C/U ratio was proportional to the decrease in fetal pO 2 (9). However, during acute hypoxic tests (umbilical cord compression and maternal aortal compression), the cerebral resistance index and the C/U ratio decreased to a much lesser extent in the cocaine-treated groups that in the control group, indicating the reduced ability of the cerebral vessels of cocaine-treated fetuses to vasodilate in response to acute hypoxia superimposed to chronic hypoxia. Later, a postmortem examination of the fetal brains revealed hypoxic-ischemic lesions such as selective neuronal loss in the parasagittal cortex, striatum, hippocampus and Purkinje cells, accompanied by diffuse perivascular edema and occasional focal perivascular hemorrhage (11), despite the maintained cerebrovascular reactivity.
Consecutive Doppler monitoring of the cerebral and umbilical hemodynamic changes in a growth-retarded and hypoxic human fetus showed the existence of several phases in the evolution of fetal hemodynamic changes (10). At the beginning of the surveillance period, the C/U ratio was lower then 1 and close to 0.7 (30% decrease from the normal limit). During the first six days, the MCA RI and the C/U ratio decreased, but not uniformly, indicating that cerebrovascular reactivity was still efficient. In the following eight days, these two indices remained stable, indicating an absence of cerebral vascular variability, and afterwards they increased progressively, reaching the highest values two days prior to delivery and fetal death.
At this stage, the breakdown of compensatory mechanisms has occurred and acidosis has developed. A postmortem examination of the fetal brain revealed cerebral lesions of the hypoxic type, such as pathological gliosis in the germinal matrix, centrum semiovale, and the cerebellum, as well as a marked vasodilatation of the main cerebral arteries. Similar evolution of fetal hemodynamics with the loss of cerebrovascular variability was later registered in five growth-restricted and hypoxic fetuses (45) . The loss of cerebrovascular variability was observed in all fetuses, whereas in two fetuses it was followed by an increase in cerebrovascular resistance (45) . The progress of fetal deterioration during the two weeks of surveillance is shown in Figure 1 . It is important to point out that the loss of cerebrovascular variability occurred in all five fetuses during the development of fetal hypoxia remarkably earlier than the changes in the fetal heart rate, and was in all cases associated with adverse fetal outcome. The disappearance of physiological cerebral vascular variability (vasoconstriction and vasodilatation) might be the result of several events. First, the cerebral vessels may reach their maximal level of vasodilatation. Furthermore, the prolonged brain hyperperfusion (brain sparing effect) and the hypoxia may induce the formation of brain edema, which limits the dilatation of the vessels. Finally, the autonomous cerebral flow regulation may be impaired, due to lesions of the cerebral tissue, induced by a prolonged hypoxia (45) . The sequence of hemodynamic changes observed in these studies (10, 45) might explain the lack of association between the last value of the U/C ratio and structural brain lesions (24) . One single finding of a decreased C/U ratio (or increased U/C ratio) does not allow a distinction between the brain sparing effect with maintained vascular reactivity or the loss of cerebral vascular variability induced by chronic hypoxia. Only repeated measurements (every 1-3 days) of the fetal cerebral and umbilical Doppler indices during the period of several days can provide a more realistic evaluation of the exposure to hypoxia and its consequences on brain development.
Hypoxia index -a new parameter for prediction of perinatal brain lesions
The above-described results have confirmed that fetal cerebral hyperperfusion cannot prevent the development of brain lesions during chronic hypoxia (9-11, 45). Even in the presence of the brain sparing effect, fetal neurological outcome depends on the degree of oxygen deprivation as well as on the duration of fetal exposure to hypoxia. Aiming to quantify the cumulative, relative oxygen deficit in fetuses exposed to hypoxia, Arbeille et al. have introduced a new vascular score, the hypoxia index (HI). This parameter can be calculated by summing the daily C/U ratio reduction (in % from the cut-off value 1 or 1.1) over the period of observation (14) . The decrease in the C/U ratio from the cut-off value expressed as a percentage of this limit is proportional to the reduction in pO 2 from the lower limit of the normal range (pO 2 relative deficit) (14) . By adding the decrease in the C/U ratio below the cut-off value over the period of observation, the cumulative relative deficit in pO 2 to which the fetus was exposed during this period is measured. The authors tested this new hemodynamic score for its sensitivity in the prediction of fetal distress at the delivery in pregnancies complicated by moderate and transient hypoxia due to malaria crises (12, 13).
During a long malaria crisis (more than 10 days), fetal Doppler showed a greater decrease in C/U ratio over a longer period of time than in the case of a short crisis (<10 days). Thus, abnormal fetal heart rate at delivery, several weeks after the crisis, was more frequently recorded in fetuses exposed to more significant and prolonged hypoxia (long crisis). A hypoxia index higher than 150 was strongly associated with the development of abnormal fetal heart rate patterns; hence it was proposed that HI value of 150 might represent the greatest amount of oxygen deprivation the fetus can tolerate without developing heart rate abnormalities or other signs of acute distress. According to their results, a fetus whose pO 2 was 20% lower than the normal values (C/U ratio 0.8) could tolerate hypoxia without developing heart rate abnormalities for about one week (7.5 days) (12). Similar results were obtained when HI was tested as a predictor of fetal functional disturbances (abnormal fetal heart rate) at delivery in pregnancies complicated with maternal hypertension and fetal hypoxia (14) .
However, although these studies indicated that HI is superior to other Doppler parameters in the prediction of fetal distress at delivery in pregnancies complicated by hypoxia, they did not evaluate its ability to predict the development of brain tissue lesions in chronically hypoxic fetuses. In order to explore the relation between chronic fetal hypoxia and cerebral hyperperfusion and neonatal brain tissue lesions, as well as to determine the value of HI in the prediction of such lesions, we performed a prospective study on 29 growth-restricted fetuses, followed at least two weeks prior to delivery, and delivered between 30 and 40 weeks of gestation (15) . The umbilical and middle cerebral artery velocity waveforms were recorded and the MCA RI, UA RI, C/U ratio and HI were calculated at 48 hours intervals for the duration of at least two weeks prior to delivery. After birth, obstetric parameters (gestational age and weight, five minute Apgar score, umbilical arterial and venous blood gas values) and neonatal brain sonography were used as outcome parameters.
During the period of surveillance, hypoxia was detected in 22 fetuses and neonatal brain lesions were later found in 13 of these infants. None of the seven fetuses that had a normal C/U ratio during the whole period of observation developed brain lesions. The evolution of fetal hemodynamics in one of these seven fetuses without hypoxia is shown in Figure 2 . As can be seen in this case, the C/U ratio remained higher than 1 and cerebrovascular variability was constantly present. After delivery, neonatal neurosonography revealed normal results. At the beginning of the period of observation, a similar variability in the MCA RI and the C/U ratio was also observed in all 22 hypoxic fetuses. In 17 of these fetuses, this variability remained present until delivery, although the MCA RI and C/U ratio were decreased. The evolution of fetal hemodynamic in one of these fetuses is shown in Figure 3 . In this fetus, the HI, calculated on the basis of the C/U ratio values, was 110. Pregnancy was terminated by cesarean section due to progressive olygohydramnios. However, despite the brain sparing effect (decreased MCA RI and C/U ratio) and the maintained cerebrovascular variability, the neonatal neurological ultrasound detected intracerebral hemorrhage. The neonatal brain lesions were detected in seven other fetuses from this group. Nevertheless, in five hypoxic fetuses (C/U ratio < 1), cerebrovascular variability was lost for a minimum period of six days and brain lesions were later detected in all of them. In three of these five fetuses, in which the C/U ratio was below the physiological limit by 30-35%, the MCA RI and C/U ratio finally increased and reached their highest values. Prior to delivery, severe abnormalities of fetal heart rate occurred, and were followed by neonatal death in one case. Figure 4 shows the evolution of fetal hemodynamics in one of these fetuses. It can be seen that umbilical end-diastolic blood flow was absent until two days before the termination of pregnancy; therefore the MCA RI and C/U ratio were equal. The disappearance of cerebrovascular variability was observed between days 208 and 214, and was followed by an increase in MCA resistance and C/U ratio. In this fetus the HI was 416; pregnancy was terminated by emergency cesarean section due to severe fetal heart rate abnormalities and neonatal ultrasound examination revealed severe intracranial hemorrhage.
The HI was calculated as previously suggested (14) but instead of using HI 150 as the cut-off values, we tested the absolute values of HI, last C/U ratio, last cardiotocography as well as the perinatal outcome parameters, as potential predictors of perinatal brain lesions using the C.45 decision tree algorithm (46, 47) , based on data mining methodology. The decision tree is a useful prediction algorithm that has been used in many areas of bioinformatics, such as gene finding, tumor classification, etc. An advantage of the tree based classification algorithms is its relative ease of interpretation, which can help the user to understand and improve the classification rules. An extensive description of the method has been given elsewhere (15, 46, 47) . Here we can emphasize that its advantage in comparison with the classical statistics comes from the fact that it generates models from historical data that are later used for prediction. In data mining techniques, the greatest chance of success comes from combining the expert's knowledge of the data with advanced analysis techniques in which the computer itself identifies the underlying relationships and features in the data. The decision tree learner selected only HI, with a cut-off value 74 for its resulting decision tree ( Figure 5 ). This indicated that only HI out of all variables used in designing the decision tree emerged as having a prognostic value for prediction of brain lesions. All neonates with HI values equal to or lower than 74 were identified as having normal neurosonographic findings. On the other hand, neonates with HI higher than 74 were found to have neurosonographically detected brain lesions. According to this classifier, 13 hypoxic fetuses who developed brain lesions were identified correctly, whereas in the group of fetuses without brain lesions (n=16) one fetus was classified as having brain lesions. The stability of the classifier was then tested by the 29 fold leave-one-out cross validation test, and the sensitivity of the resulting classifier was 100% whereas specificity was 93.6%. Furthermore, although the last value of the C/U ratio correlated well with umbilical arterial and venous pO 2 and pH (Table 1) , the HI showed a significantly stronger correlation with umbilical arterial and venous pO 2 , pCO 2 and pH (Table 2) .
We have to emphasize that the cut-off value of the C/U ratio used in this study for prediction of brain tissue lesions (C/U <1) was different than the cut-off used in the previous studies for the prediction of fetal heart rate abnormalities (C/U< 1.1), which together with the different target populations and different statistical methods, makes these studies difficult to compare (12) (13) (14) . However, the lower cut-off value of the HI obtained in this study might indicate that brain tissue lesions could develop far earlier than the functional signs of fetal deterioration, such as the heart rate abnormalities. This finding is supported by the latest MRI study, which has detected structural changes in the brains of neonates born from pregnancies with placental insufficiency and IUGR, without detectable intrauterine hypoxia or any other pathological condition. These changes were related to alterations of the brain caused by the neuroendocrine consequences of IUGR (48) . The chronic nutrient deficit due to placental insufficiency and consequently high levels of fetal cortisol, might also increase the vulnerability of the rapidly developing fetal brain to hypoxic insults.
Although our results need to be evaluated on a larger number of fetuses as well as on the fetuses below 30 weeks of gestation with early onset IUGR, they allow the conclusion that this parameter could be superior to any other parameter in the evaluation of fetal wellbeing and prediction of neurological sequels.
Conclusion
Prevention of perinatal hypoxic/ischemic brain lesions remains one of the most challenging areas in modern perinatology. The process of making a decision to terminate a pregnancy complicated with IUGR and fetal hypoxia requires a constant balancing between two potential threats -exposure to hypoxia and development of hypoxic brain lesions in the case of a delay versus the risk of damages related to prematurity. Although the fetus is able to adapt to hypoxia by increasing cerebral perfusion, the blood flow redistribution (C/U ratio <1) can be considered as a beneficial physiological adaptation for a short period of time, which depends on the pO 2 reduction as well as on the duration of exposure to hypoxia. The loss of cerebrovascular variability, notable in some of the chronically hypoxic fetuses, could be considered as a sign of progressed fetal deterioration. Furthermore, our latest results have indicated that brain tissue lesions can develop even before the loss of cerebrovascular variability, although its contribution to the worsening of the brain damage cannot be excluded.
The new vascular score, HI, which takes into account both the duration and the intensity of fetal flow redistribution and calculates the cumulative relative oxygen deficit, represents a promising tool for the prediction of poor neurological outcome of hypoxic fetuses. Although this parameter requires extensive testing to confirm its potential, our results indicate that it might be useful in the evaluation of the consequences of fetal exposure to hypoxia. The use of this parameter might allow not only the identification of fetuses at risk for the adverse outcome, but could also represent a significant advance in the prevention of the most severe sequels of the chronic intrauterine hypoxia, perinatal brain damage. probability. Table 2 . Spearman rank order correlation of the hypoxia index (HI) and biochemical parameter from umbilical blood.
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a:arterial; v:venous; Rs:Spearman rank order correlation; CI:confidence interval; p:
probability.
